tified.
The genome of Arabidopsis encodes more than 550 analyzed the effects of a general caspase inhibitor and also specific inhibitors for mammalian caspase-1 and putative proteases (http://merops.sanger.ac.uk). A serine protease has recently been shown to encode a cascaspase-3 (which had been shown to be active in plants [6]) on three VPE␥-dependent activities: maturation of pase-like activity that may be required for PCD in Avena sativa [9] . However, the prime candidates to encode VPE␥, the processing of a serine carboxypetidase CPY, and the turnover of a vacuolar invertase. caspase-like activities in plants are the legumains and metacaspases [4, 12], which are members of the cysExperiments with recombinant VPE␥ expressed in insect cells suggested that processing of VPE␥ occurs teine protease superfamily. The legumain family of proteases belongs to a large cysteine protease group that through autocatalytic self-maturation. VPE␥ is processed from its precursor isoform (56 kDa) by sequential also includes caspases. Although there is very low overall sequence similarity between legumains and casremoval of an inhibitory C-terminal propeptide (13 kDa) to generate the intermediate isoform (43 kDa) and of an pases, they share a highly conserved motif in the catalytic core and are predicted to posses a similar protein N-terminal propeptide (3 kDa) of unknown function to produce the mature isoform (40 kDa) [22] . Figure 1 ). In Figure 1A we show the effect of different protease The vacuolar processing enzymes (VPE) ␣, ␤, ␥, and ␦ are Arabidopsis legumains essential for the processing inhibitors on VPE␥ processing. It is important to note that the caspase-1 and general caspase inhibitors used of vacuolar proteins [17] [18] [19] . VPE␥ is the isoform most highly expressed in vegetative tissues [19] , where it in these experiments bind covalently to their target and thus remain attached after SDS-PAGE (iVPE␥ ϩ pepplays a role in protein degradation during senescence, a form of PCD in plants [18] . VPE␥ is localized in precursor tide). Treatment with the caspase-1 inhibitors (YVAD-CMK and YVKD-CMK) resulted in the disappearance of protease vesicles (PPVs), hydrolase-containing organelles that are associated with PCD processes [18, 20] . 
inhibitor (LEUP). This observation suggests that VPE␥ may not directly degrade AtFruct4 but treated with either a general caspase inhibitor (VAD-FMK) or with a caspase-1 inhibitor (YVAD-CMK). As with
rather that it activates other proteases that in turn degrade AtFruct4. The corresponding proteases are prob-VPE␥ processing, the caspase-3 inhibitor (DEVD-CHO) had only a weak effect on CPY maturation, indicating a ably cysteine proteases; an increase in the AtFruct4 accumulation may be due to an inhibitory effect of both higher affinity of VPE␥ for caspase-1 rather than for caspase-3 target recognition sites. Treatment with gencaspase-3 (DEVD-CHO) and general cysteine protease inhibitor (LEUP) on those proteases. Additionally, a eral cysteine, serine, or aspartic protease inhibitors had no effect on the processing of CPY (data not shown).
VPE␥-dependent degradation of AtFruct4 may not be selectively sensitive to caspase-1 inhibitors but, as is In these experiments some mature isoform of CPY was still observed in plants treated with the general caspase more likely, may be selectively sensitive to inhibitors of other members of the caspase family. This is reflected or caspase-1 inhibitors. This most likely reflects protein that was processed before initiation of the treatments.
in a high level of AtFruct4 accumulation in seedlings treated with a general caspase inhibitor rather than exIndeed, by analyzing de novo processing of radiolabeled CPY, we have determined that caspase-1 and general clusively with a caspase-1 inhibitor. ceptibility was due to the lack of VPE␥ expression. We However, the overexpressing line showed a higher level tested whether the activation of PR1, a well-characterof ion leakage than the vpe␥ null mutant at all postized marker of salicylic acid dependent defenses was infection time points (8, 24, and 48 hr), suggesting that altered in vpe␥ mutants. As shown in Figure 3C , PR1 VPE␥ overexpression may accelerate membrane disrupexpression was similarly induced in wild-type and vpe␥ tion or increase the extent of PCD. Importantly, at 2 mutant plants, suggesting that the differential pathogen days post-inoculation (dpi), wild-type plants achieved growth was not due to inhibition of PR1 gene activation similar ion leakage to that of the overexpressing line.
but most likely was due to a direct effect of VPE␥ on This is consistent with the timing of VPE␥ induction after cell death progression. However, we noted the PR1 inPst infection ( Figure 2C) . A specific aspect of plant PCD duction was sustained longer in the wild-type when compared to animal apoptosis is that dying cells must compared to the vpe␥ mutant. dismantle themselves, and vacuolar hydrolases are thought to be essential for this process. Thus, VPE␥,
VPE␥ Is Involved in Defense Responses to Turnip which is localized in the vacuole and regulates its hyMosaic Virus and Botrytis cinerea drolytic activity [18], may be involved in executing the
In most cases, pathogen attack has a negative effect on degradation of cellular components in cells committed the viability of the infected cells, which in turn influences to die. To test this, we analyzed the fate of AtFruct4 in pathogen growth. Cell death promotion may be the rePst (avrRpm1)-infected plants. As shown in Figure 2D , sult of activation of PCD, but it can also be the indirect the levels of AtFruct4 decreased significantly in wildconsequence of pathogen-induced cellular stress intype plants inoculated with bacteria in comparison to flicted by the pathogen. Thus, genes that execute cell mock-inoculated plants or to bacterially inoculated vpe␥ death in plants should affect the growth of a broad plants. This decrease was not the result of a repression range of pathogens. To test whether VPE␥ is required of AtFruct4 mRNA expression (data not shown), sugfor pathogen response pathways, we analyzed the regesting that the reduced levels of AtFruct4 were due to sponse of wild-type, vpe␥, and complemented vpe␥ mua higher turnover rate in the tissues undergoing PCD tants to infection with TuMV, an obligate biotroph that that was dependent on VPE␥. In contrast, the levels of does not induce PCD, and with the necrotrophic fungus VPE␥ protein ( Figure 2D ) increase during the infection.
Botrytis cinerea, which induces a PCD that may be beneThese results suggest that Pst (avrRpm1) infection leads to VPE␥-dependent degradation of proteins in vacuoles ficial for fungal growth [23] . fected leaves at different time points after inoculation. We could detect a slightly higher fluorescence in vpe␥ mutant plants compared to wild-type or vpe␥ complemented plants (data not shown). In order to quantify the levels of TuMV-GFP, we conducted real-time PCR with GFP specific primers. We could detect a low but significant increase of GFP mRNA in vpe␥ mutant plants, but this increase fully reverted to wild-type levels upon ex- function. In vitro it has no detectable effect on the enzyme activity, although it could regulate it in vivo. The N-terminal propeptide of human caspase-7 has no effect cayed by 2 weeks after infection. At these same time points, the leaves of wild-type and vpe␥:35SVPE␥ plants on the in vitro activity, but its removal is required for efficient activation in vivo [30] . Alternatively, the N-terremained green, and the lesions formed did not spread to the whole blade but instead turned into dry necrotic minal propeptide could have a role in protein stability. This is supported by the increase in the accumulation tissue. The expression of the defensin PDF1.2 was similar in the three genotypes ( Figure 5B 
